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DESCRIPTION 

The invention concerns a coating device with a rotary atomizer mounted on a coating machine 
for mass-production coating of workpieces and a method to control the operation of such a 
coating device according to the preamble of the independent claims. 

Driving the bell-shaped plate of rotary atomizers that are typical for electrostatic 
mass-production coating of workpieces, such as vehicle chassis, by compressed air turbines at an 
extremely high rpm is known (DE 34 29 075, DE 43 06 800, EP 0 796 663, EP 0 801 991, etc.). 
At the inlet, the air flowing through the turbine is at approximately the same temperature as the 
surroundings, and the air is cooled due to the pressure drop in the turbine to temperatures that 
depend on the turbine output and that appear in conventional painting systems, e.g., on the order 
of -20°C. If the output of the turbine is to be further increased, among other things, due to the 
increasing desire in recent times for even higher rpm values and amounts of paint discharge, 
cooling of the air at the turbine outlet can result in temperature values below -40°C. 

Even for turbines of relatively low output, problems can arise because of the formation of 
condensation water due to the cooling, when the water content (pressure dew point) of the 
compressed air fed to the turbine does not correspond to the values set for the coating system. 
Problems due to incorrect pressure dew point can be solved by heating the feed air to the turbine. 
However, condensation water is produced, particularly due to strong cooling effects of 
increased-output turbine motors, a higher rpm and greater amounts of paint discharge through 
condensation of the air on the components of the atomizer and the coating machine, which 
contact the exhaust gas in a heat-conductive way and which come into contact with the 
surrounding air in the spray cabin with an air humidity of typically more than 50%. Because the 
exhaust gas of the turbine could disturb the coating process, if it were to be discharged directly 
onto the atomizer in the cabin, the exhaust gas is typically deflected by the arm of the coating 
machine, such as a painting robot, carrying the atomizer, so that, e.g., also the surfaces of the 
flange connection between the atomizer and the hand joint of the machine and the adjacent areas 
of the machine arm are cooled with the result of the formation of condensation water. The 
resulting water drops can cause painting errors. 

The problem of the invention is to present a coating device or a method, which, above all, can 
prevent as much as possible the condensation of surrounding air on components of the atomizer 
and/or the coating machine for electrostatic rotary atomizers with high drive output. 
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This problem is solved by the features of the claims. 

A first measure for preventing the formation of condensation water is the heating of the drive gas 
of the turbine, which is usually compressed air. Cooling that is too great can be prevented in 
many coating systems by heating the drive air, but direct heating of the exhaust air of the turbine 
is advantageous, above all, because if only the supply air is heated, a portion of the heating 
energy is lost through heat conduction to the supply side of the atomizer, which is less affected 
by the formation of condensation water, and/or has the consequence of undesired heating of 
components of the atomizer located at this position. In general, the possibility of heating is 
limited by the permissible maximum temperatures of the affected components or line hoses, etc., 
sometimes made of plastic. 

The heating of the exhaust gas of the turbine can be especially advantageous by means of a heat 
exchanger, which carries on one side an air flow from the exhaust air and on the other side an air 
flow from the supply air of the turbine or also from a separately supplied liquid or gaseous 
medium, such as heated air. When the heated supply air is guided through the heat exchanger, a 
single heating device is sufficient for heating the supply air and also the exhaust gas as an 
additional measure, without producing additional consumption of air for this heating at two 
different locations. Here, it is also advantageous that supply air channels and adjacent 
components can be prevented from becoming too strongly heated. 

However, the exhaust air of the turbine can also be heated by mixing in warmer air. For example, 
compressed air from the existing compressed air network of the coating system or air directed by 
a fan into the exhaust air stream can be guided directly to the outlet opening of the bearing unit 
of the turbine. The amount and temperature of this added air can be set to relatively low values in 
order to prevent undesired condensation as a function of the exhaust air temperature and the air 
humidity. 

The cooling of the components through a drop in pressure of the drive air of the turbine depends 
on the load and becomes greater the higher the rpm, the amount of paint sprayed per unit time, 
the diameter, or the mass of the bell-shaped plate, as well as the time utilization ratio of the 
atomizer during a painting cycle. In addition, for rising loads, higher amounts of air consumption 
are required, which, in turn, amplify the cooling. For these reasons, other measures in addition to 
or instead of heating of the drive air of the turbine can be advantageous for high-load atomizers. 
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Among other things, a suitable possibility for this purpose is the heating of bearing air of the 
turbine, which has a shaft that rotates in an air bearing in a known way. The heating of the 
bearing air has the advantage that the bearing air flows through a large part of the turbine and 
therefore the turbine can be heated more uniformly. 

However, the amount of air and thus the heat capacity of the bearing air is relatively small. 
Therefore, it can be advantageous to guide more strongly heated amounts of air (e.g., on the 
order of 100 L/min) through additional channels, i.e., which do not exist in known atomizers and 
coating machines, in the bearing unit and/or other components of the atomizer or the coating 
machine separately from the path of the drive air. 

Another possibility is to heat the steering air, which flows past the bearing unit of the turbine in a 

known way, if necessary over different paths, and/or through the turbine 

(DE 102 33 198). The steering air temperature is set so that the spray cone formed by the 

steering air is not negatively affected and no undesired effects are produced on the painting 

process. 

Components of the atomizer and/or the coating machine at risk of condensation from the cabin 
air can also be heated directly with gaseous or liquid heating media supplied from the outside. 
For example, outside of the atomizer itself, the flange construction on the robot wrist, the wrist 
joint, and/or the robot arm can also contain corresponding channels for the heated media. 

The temperature of the air or other media supplied for reducing the cooling can be controlled 
preferably as a function of one or more temperature sensors, which measure, e.g., the 
temperature of the supply air and/or the exhaust air of the turbine, the motor bearing air, if 
necessary, the steering air, and/or components of the atomizer or the coating machine adjacent to 
-the supply and exhaust air paths of the turbine air and which can control the pre-heating 
temperature with an associated controller preferably in a closed control loop. Instead of the 
control by means of temperature sensors or independent of these sensors, the pre-heating 
temperature can also be controlled based on preset diagrams or stored program data as a function 
of rpm and amount of paint, and thus as a function of load. 

The arrangement of an electrical heating device outside of the atomizer for preferably electrically 
insulated heating media supplied to the atomizer for the purpose described here has, above all, 
the advantage that problems relative to the required voltage isolation between the heating device 
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and the components of the atomizer at high voltage are avoided in electrostatic atomizers with 
direct charging of the coating material. 

However, for suitable voltage isolation and for atomizers with external charging, the 
condensation of the cabin air on cold components of the atomizer or the coating machine can 
also be prevented through installation of a heating device directly in the affected components. In 
addition, an electrically conductive heating fluid, e.g., water, or an electric heating coil can be 
used in this case. 

All of the possibilities described above for preventing too strong a cooling can be used alone or 
also in any combination and lead to the reliable prevention of disruptive formation of 
condensation water according to the installation and operation of the coating system. One 
particular advantage of the invention is that strong temperature differences within the atomizer 
can be prevented, which could lead to interruptions in operation or damage to components due to 
different expansion coefficients. The measures described here do not provide point-wise, but 
instead uniform heating of the components. 

The invention is described in more detail for the embodiment shown in the drawing. Shown are: 

Figure 1 a cross-sectional view of an electrostatic rotary atomizer; and 
Figure 2 an advantageous example for the air supply of the turbine motor of the rotary 
atomizer in schematic illustration. 

The rotary atomizer 1 reproduced in Figure 1 has the construction described in 
DE 102 33 198 and can be mounted with its attachment flange 2, e.g., at the wrist of a painting 
robot. For driving its rotating bell-shaped plate 4, it contains a compressed-air turbine 5, whose 
drive air is supplied by the painting robot over the attachment flange 2, with the supply of the 
drive air not shown here for simplification. 

For shaping the spray stream output from the bell-shaped plate 4, there is a steering air ring 6, 
which is arranged in the bell-shaped plate-side end surface of a housing 7 of the rotary atomizer 
1. Several steering air nozzles 8, 9 directed in the axial direction are arranged in the steering air 
ring 6. During operation of the rotary atomizer 1, a steering air current can be blown by these 
steering air nozzles outwards in the axial direction onto the conical surface shell of the 
bell-shaped plate 4. The spray stream is shaped and the desired spray width is set as a function of 
the amount and the speed of the steering air blown from the steering air nozzles 8, 9. 
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Here, the supply of the steering air for the two steering air nozzles 8, 9 is realized by 
corresponding flange openings 10, 1 1, which are arranged in the attachment flange 2 of the 
rotary atomizer 1. The position of the flange opening 10, 11 within the end surface of the 
attachment flange 2 is set by the position of the corresponding connections to the associated 
attachment flange of the painting robot. 

The outer steering air nozzle 8 is supplied in a conventional way by a steering air line 12, which 
is guided along the outside of the compressed air turbine 5 between the housing 6 [sic; 7] and the 
compressed air turbine 5. Here, the flange opening 10 first opens into an axial hole 13, which 
then transitions into a radial hole 14, which finally opens at the outside of a valve housing 15 
into an intermediate space between the housing 7 and the valve housing 15. The steering air is 
then led past the compressed air turbine 5 into a so-called air space 16, where it is finally guided 
through needle holes 17 in the steering air ring 6 to the steering air nozzle 8. 

In contrast, the supply of steering air for the steering air nozzle 9 is realized by a steering air line 
18, which starts from the flange opening 11 in the attachment flange 2 in the axial direction and 
passes without kinks through the valve housing 15. In addition, the steering air line 18 also 
passes through a bearing unit 19 of the compressed air turbine 5 in the axial direction. The radial 
distance of the steering air line 18 from the axis of rotation of the bell-shaped plate 4 is greater 
than the outer diameter of the turbine wheel, which is not shown for simplification, so that the 
steering air line 18 runs on the outside of the turbine wheel. The steering wheel line 18 then 
opens on the side of the bell-shaped plate into another air space 20, which is arranged between an 
essentially cylindrical section 21 of the compressed air turbine 5 and a cover 22 surrounding this 
section. 

Several holes 23, which open in the end surface of the compressed air turbine on the side of the 
bell-shaped plate and Finally open into the steering air nozzles 9, are located in the surface shell 
of the section 21. The holes 23 in the section 21 of the compressed air turbine 5 here consist of a 
needle hole starting from the surface shell of the section 21 in the radial direction and a needle 
hole starting from the bell shaped plate-side end surface of the section 21 in the axial direction, 
which enables simple assembly. 

The air supply of the compressed air turbine 5 of the atomizer according to Figure 1 can 
correspond, e.g., to the schematic shown in Figure 2. As described in the EP Application 
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No. 02 006 826.8, here additional air at higher pressure is supplied for increased demands on 
drive energy of the primary power supply line to the air turbine over a switchable, separate 
channel. 

The compressed air turbine has a bearing unit 101 for an air-supported hollow shaft 103, which 
carries the bell-shaped plate 102, with the turbine wheel 104. The bearing unit 101 is located in 
the atomizer housing 105. Drive air A is supplied to the turbine wheel 104 from an external rpm 
regulator over a hose 107 leading into the atomizer and a supply channel 108 used as the primary 
internal power supply line. From another output of the rpm regulator, the turbine wheel 104 
receives braking air B via a valve VB and a separate line LB. The primary power supply line 108 
can also consist of several parallel channels opening at various points of the turbine wheel. In 
accordance with its description thus far, the atomizer can be a conventional electrostatic rotary 
atomizer. Also the operation of the rpm regulator, which compares an actual value, e.g., detected 
optoelectronically, with a desired value, and, if there are deviations, drives loading and release 
valves of an actuator and can also drive a brake valve, is known. 

According to the illustration, the air power supply segment of the turbine formed by the hose 107 
and the channel 108 includes a valve arrangement 110 driven pneumatically or electrically. At 
this point, a separate channel 111, which can be blocked, for switching air branches off and also 
opens at this point for driving the turbine wheel 104. Several additional channels 111 with 
several nozzles on the turbine wheel can also be provided. 

The exhaust gas of the turbine is led through the atomizer flange on the path indicated at 1 13 
from the atomizer and, e.g., into the arm of the painting robot. 

During operation, for low drive energy requirements, the branch of the valve arrangement 110 
leading into the separate channel 1 1 1 is closed, so that the turbine is driven in the previously 
conventional way only over the channel 108. 

Due to increased paint output or for the use of a larger bell-shaped plate 102, etc., if the drive 
energy demands are increased over a threshold that pertains to the normal air supply through the 
channel 108, then the branch of the valve arrangement 1 10 leading into the channel 1 1 1 is 
opened so that the turbine is supplied with a greater amount of air through the added channel 
111, and thus with the necessary additional energy. The air hose 107 led from outside into the 
atomizer has a cross section that is dimensioned so that all of the necessary air can be made 
available. In contrast, a relatively small diameter is sufficient for the channel 108. For lower 
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energy requirements or when the nominal rpm is achieved at a high speed for an atomizer with 
increased air output, the path into the channel 1 1 [sic; 1 1 1] is closed again, so that the air 
consumption of the amount required for the torque that is now necessary decreases. 

Instead of a simple open/closed function, the valve arrangement 1 10 can also throttle the path 
into the channel 1 1 1 (or the paths into the two channels 108 and 1 1) to values favorable for the 
corresponding operating and control conditions. If necessary, this throttling can be set and 
changed automatically. 

One of the possibilities mentioned in the introduction for heating components, which are cooled 
too strongly, by using the exhaust air of the atomizer according to Figure 1, is to heat the steering 
air, e.g., with an electric heating device, e.g., which is arranged outside of the atomizer and 
which passes through the line 18, through the valve housing 15, and through the bearing unit 19 
of the compressed air turbine 5. A corresponding situation applies for the steering air flowing 
through the holes 13 and 14. Similar channels could also be provided for a gaseous or liquid 
heating medium, which is not used as steering air, but instead is led out of the atomizer along 
other paths. 

In contrast, if the drive air of the turbine is warmed, it is preferably led through a heat exchanger 
1 16 after heating by the electric heating device 115, e.g., illustrated schematically in Figure 2. 
The path 1 13 of the exhaust gas also leads through the heat exchanger so that the exhaust gas is 
also heated by the supply air in the way known for such devices. If it is not installed in the 
atomizer, the heat exchanger 116 should be arranged as close as possible to the atomizer. 

As likewise shown in Figure 2, the temperature of the drive air A is controlled by a temperature 
regulator 118, which compares the actual value signal tj coming from at least one temperature 
sensor (not illustrated) located in the atomizer with a desired value signal t s and controls the 
heating device 115 depending on the result. As already mentioned, the control signal st of the 
heating device could also be set without a control loop through the use of program data stored as 
desired values. 



